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Abstract
According to the particularity of the grid-connected distributed generation, this paper established a comprehensive 
multi-level evaluation index system for technology feasibility of the grid-connected distributed generation. The 
analytic hierarchy process was introduced based on cloud model. Compared to the traditional analytic hierarchy process, 
this method calculated both the fuzziness and randomness of evaluation language. The results are more objective, 
which is in favour of developing grid-connected distributed generation.
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1. Introduction
Energy saving and power shortage have been promoting China to develop green energy power 
generation. And the application of distributed generation technologies is a practical way to achieve the 
target of energy saving and emission reduction, contributing to taking full advantages of rich renewable 
energy and providing users with clean “green electricity”[1]. Therefore, distributed generation is becoming 
increasingly important in the field of world energy because of its flexibly variable load, low initial 
investment, high reliability of supply, small transmission losses and so on[2]. National Program for 
Medium-to-Long-Term Scientific and Technological Development (2006-2020) clearly put forward a plan 
of conducting “the development and utilization of renewable energy in large-scale and at low-cost” and 
“grid-connected distributed power transmission technology”.
At present, the research of the evaluation index system for technology feasibility of the grid-connected 
distributed generation is still in the development [3,4]. Although the British Electricity Association in 1991 
issued "G59 / 1 recommended technical standards of embedded generation into the distribution network 
areas "[5]; IEEE in June 2003 issued "technology standards of DER into network IEEE Std.1547 "[6], these 
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technical standards are far from enough to take a comprehensive efficiency evaluation of the 
grid-connected distributed generation. Also there are no references of domestic technical standards, so it is 
necessary to start the corresponding technical and economic evaluation in all aspects.
2. The establishment of the evaluation index system for technology feasibility of the grid-connected 
distributed generation
The analysis of technology feasibility of the grid-connected distributed generation shall consider both 
the technical application feasibility of project itself and the technical application feasibility of the 
distribution network involved with distributed generation. According to different types of distributed 
generation, this paper classifies the whole index system, 10 indicators in all, into three categories: resource 
availability, location scientificalness and access adaptability, shown as table 1.
Table 1. the index system for technology feasibility of the grid-connected distributed generation
3. Method of fuzzy comprehensive evaluation based on cloud model
The comprehensive evaluation method based on cloud model refers to selecting the key indicators, then 
expressing the qualitative index in the form of the normal cloud, and showing the quantitative expectations, 
fuzziness and randomness of indicators. To comprehensively evaluate the technology feasibility of the 
grid-connected distributed generation, there are three key factors: index set(U), weight factor set(W),and 
evaluation set(V). The evaluation index needs to be divided into multiple hierarchies, and every hierarchy 
has sub-index set, weight factor set and evaluation set belong to its hierarchy, and only in a same hierarchy 
can the index be operated and compared.
The acquisition of the importance of indicators is based on group decision-making [7]:
Supposing in the domain U, there are two adjacent base clouds: A1(Ex1,En1,He1) and A2(Ex2,En2,He2
technology feasibility
O
)
, and can produce a floating cloud between them, which expresses the empty language between the two 
resource availability A1
Wind power：
The annual average wind speed B1、Effective wind hours B2、Effective 
wind power density B3
Photovoltaic(PV)：
Sunlight intensity B1、Available hours B2、Light stability B3
Small Hydro：
The proportion of water energy and installed power generating capacity B1
、Annual available hours B2、 design dependability B3
CCHP、Fuel cell：
Availability of natural gas
location scientificalness A2
Location of the note position B4
Distance to users B5
Convenience of installation and transportation B6
Access adaptability A3
Technology maturity B7
Unit maintenance level B8
Coordination of power plant and grid B9
Distributed generation penetration B10  
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cloud-based qualitative concepts. If the digital features of the floating cloud generated is ( , , )A Ex En He ,
then:
                                                               1 1 2 2Ex Ex Exβ β= +                                                            (1)
1 2 2 1
2 1
( ) ( )En Ex Ex En Ex ExEn
En Ex
− + −
=
−
                                         (2)
1 2 2 1
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Where ( 1,2)i iβ = is adjustable coefficient, determined by experts in this field depending on 
circumstances. When the experts believe the assessment objective, in the use of “majority rules” principle, 
make 11
1 2
k
k k
β =
+
， 22
1 2
k
k k
β =
+
（
2
ik is the number of assembly of the ith icloud model =1、2，and 
1 2 1β β+ = ）, and the more supporters, the higher the coefficient; when the experts think there is no need 
to intervene, then 1
1
2
β = ， 2
1
2
β = .
Specific steps are as follows:
3.1. The establishment of the evaluation object’s index set
Assuming that one evaluation object’s index set is 1 2{ , , , }nU U U U=  , where ( [1, ])iU i n∈ is a 
index in U , and 1 2{ , , , }i i i ijU U U U=  is the sub-index of iU . The number of hierarchies is
determined by complexity of the evaluation and the depth of the analysis [8]. Here, a secondary judgment 
hierarchy is used.
3.2. The establishment of the weight factor set
The basic idea of AHP is to break down complex problems into a number of levels, and the weight of 
each factor is identified by pairwise comparison in factors of each level. In the traditional AHP, use nine 
scale method to determine the matrix form. But in fact, due to subjective reasons, the size of importance is 
judged by a series of random numbers with a stable tendency, roughly in line with their statistically normal 
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distribution, so these figures can not reflect the objectivity of the comparison of the importance with 1 to 9
[9]. Therefore, this paper introduced the cloud model expectations to the scale with greater objectivity, and 
then calculated the final weight in form of cloud model which can better take the fuzziness and randomness 
of the evaluation language into account.
 The determination of 0iEx in
0 0 0 0( , , )i i i iW Ex En He
Get the expected value Ex , used as the scale in the judge matrix, in ( , , )A Ex En He by the 
importance of indicators based on group decision-making, use the square-root to calculate the relative 
weight or importance degree vector, so 1 2 nEx Ex Ex Ex=  , then 
0
iEx [10] is shown as:
1
10
1
11
( )
( )
n
n
ij
ji
i n n
i n
ij
ji
ExExEx
Ex Ex
=
==
∏
= =
∏∑ ∑
                                              (4)
Then calculate random consistency index ( )maxCI ( n) n 1= λ − − and make sure the consistency 
ratio / 0.1CI CR < .
1
max
1
1
n
ij jn
j
i j
Ex W
n W
λ =
=
≈
∑
∑                                                         (5)
 The determination of 0 0,i iEn He in
0 0 0 0( , , )i i i iW Ex En He
This assumption is based on psychology: within the weight range of a maximum of 1, it is relatively 
easier to identify the range of more than 0.2, while difficult for less than 0.2. Here the entropy of weight 
is max min( ) / 6 0.033En C C= − ≈ ; hype entropy is He k= ; where k is a constant, adjusted by the 
level of ambiguity, here takes 0.05.
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3.3. The establishment of evaluation index
Establish the evaluation set 1 2{ , , }nW ω ω ω=  , where ( 1, 2, , )i i nω =  means different levels of 
the evaluation, expressed by clouds with different digital characters. For the double side 
restrain min max[ , ]C C , we can compute the cloud digital character by equation as follows [11]:
min max( ) / 2Ex C C= + ；                                                     (6)
max min( ) / 6En C C= − ；                                                   (7)
He k= ；                                                                  (8)
Where, k is a constant, and can be adjusted according to the fuzziness of the comments. To the 
comments which have one side restrain, we can confirm the missing expectation firstly, then compute 
cloud’s parameters, and descript it by semi-up and down.
In the end, get the cloud model membership of each indicators based on the group decision-making, 
shown as:
1 1 1 1
2 2 2 2
, ,
, ,
, ,q q q q
r Ex En He
r Ex En He
R
r Ex En He
   
   
   = =
   
   
      
 
                                                (9)
3.4. The computation of top hierarchy index value
Use fuzzy composite operator to calculate the final comprehensive evaluation value [12]:
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Then we can get the comprehensive evaluation value of each unit in form of cloud model, the expected 
value Ex means the evaluation value of unit, entropy En means the stability of the expected value, hype 
entropy He means subjective randomness.
4. The example of the evaluation
On the basis of the wind energy of Jiao He city of Jilin province, establish the evaluation index system 
for technology feasibility of the grid-connected distributed generation as table 1, determine the indicator 
weight and corresponding membership based on cloud model, Then take a comprehensive evaluation using 
AHP.
Jiao He city is located in the east of Jilin province, with a total population of 470 thousand. This 
small-scale wind power project, relying on rural families, first of all meets their own electricity demand, 
then transports electricity into the distribution network, where, at the average height of 10m, wind speed is 
6.84m/s, average wind power density is 307.5W/m2
As it can be seen from Table1, evaluation for technology feasibility of the grid-connected distributed 
generation is reflected in three areas, ten indicators. Here the factor set of first layer 
.
1 2 3{ , , }U U U U= = {resource availability, location scientificalness, access adaptability}, where iU also 
includes a number of sub-factors.
And then establish the evaluation set of the success degree of distributed generation project with 5-scale 
method, which is shown as V= {good, better, ecumenical, worse, bad}. In order to facilitate evaluation, we 
take the project performance score of 100 points. The cloud for each evaluation is shown as table 2:
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Table 2. The evaluation value cloud of index
evaluation value cloud Interval value
good （90，3.3,1） [80,100]
better （70，3.3,1） [60,80]
ecumenical （50，3.3,1） [40,60]
worse （30，3.3,1） [20,40]
bad （10，3.3,1） [0,20]
Use square-root method strike the indicator weight at all levels, taking O-A judge matrix for example:
Table 3. O-A judge matrix and the weight value
O A1 A2 A3 weight
A1
A2
A3
1
1/2.375
1/4.625
2.375
1
1/3
4.625
3
1
0.5958
0.2916
0.1126
RI=0.85
CI=0.010417
CR=0.018<0.1
Then transform it into normal cloud shown as follows:
1 2 3( , , )
O O O O
Ai A A AW W W W ={（0.5958,0.033,0.005），（0.2916, 0.033,0.005），（0.1126, 0.033,0.005
）}
Similarly in the second level：
1 2 3( , , )
O O O O
Bi B B BW W W W ={（0.3333, 0.033,0.005），（0.3333, 0.033,0.005），（0.3333, 0.033,0.005
）}；
4 5 6( , , )
O O O O
Bi B B BW W W W ={（0.5390, 0.033,0.005），（0.2973, 0.033,0.005），（0.1637, 0.033,0.005
）}；
7 8 9 10( , , , )
O O O O O
Bi B B B BW W W W W ={（0.4659, 0.033,0.005），（0.2771, 0.033,0.005），（0.1611, 0.033,0.005
），（0.0960, 0.033,0.005）}；
Finally, evaluation memberships of 13 indicators can be drawn through expert survey method, and then 
converted into the corresponding evaluation cloud, which is shown as:
TR ={（90,3.3,1）、（90,3.3,1）、（90,3.3,1）、（57.5,3.3,1）、（90,3.3,1）、（77.5,3.3,1）、
（62.5,3.3,1）、（65,3.3,1）、（55,3.3,1）、（70,3.3,1）}
So we can calculate the evaluation value of indicator A1 (resource availability): 
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1
0.5958,0.033,0.005 90,3.3,1
0.2916,0.033,0.005 90,3.3,1
0.1126,0.033,0.005 90,3.3,1
(90.0000,5.4857,0.9170)
A
T
B A R=
   
   =    
      
=

    
Similarly: 
2 (70.4365,4.8353,0.9170)AB = , 3 (62.7046,4.5899,0.8546)AB =
And the evaluation value of technology feasibility of the grid-connected distributed generation is:
0 (81.2218,5.6074,0.9162)B =
Compared the expected value Ex of the evaluation value with the evaluation set V, it can be seen: 
resource availability (A1) tends to be “good”, which indicates that the wind resource of JiaoHe city is quite 
suitable for the development of wind power; location scientificalness (A2) tends to be “better” ,mainly 
because the distributed generation fully closes to the user, which can well reduce line losses; access 
adaptability (A3) tends to be “better” with a relative low expected value, this proves that grid-connected 
small-scale wind generation will bring some negative effects to distribution network, which are main 
difficulties we encounter.
In all, technology feasibility of the grid-connected distributed generation (O) tends to be “good” close to 
“better”. And according to the equation (7), the interval value is [64.3996, 98.044], which shows that the 
technical feasibility of this project is in good condition, suitable for the development of the distributed 
small-scale wind power generation.
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